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reaicclon. This Is just one example of how changing the gro~ridtiacer CtC.mpG31-
Eion can affecr sorption. Tne limltea data reported on che grmnd~ater
ecmpesit~cn cf the vadGse zcne [311 snow the Ca and Ci conc~ntraciom 3C the
~l.~~.rn qe~~~ are an order of rtisg~it~clegreater chag the coqcwcra~ic~g In

plire “J-13 wac~r. Therefore, one mlgrit expect less sGrptlon in the uri-
~~urate~ zone than in the iaboracary using pure J-13 Water. L!nderstmding
the geockmlcal composition of fiurd in the iifisacurarea zGne shotild De glwn
a high priorl~y.

Third. If radlonuclides and ocner undes’.rabie eiements of Kne waste
pack:age are rrafigportec! ~hrcugh fractures, the surface of the fraccures may
be airerea Wcause of preclpication or sorptlGn onto the surface. m~
ra.dl.ofi-ticil,des being ~ransporced thro-ug”n the fraeclures tilt-n an altered slirface
my exhl~ic fllfferenc scrpcion behavior than those QDserved prevlousljf in rhe
labsrzcory. Tnese changes in sorption may ctiange ~he otierall integrated
transpGrc of radionuelides.

To Investigate the sorption of radlonuclldes f-.rtner and clarlfy any Un-
certalntles. rhe followln~ activities should Ge pursi.ied: [1! assess the

vallalty Df Using equilibrium aistrlbution coefflci~nts rG modei sorpclon cf
radiomucildes (in particular, actlnides) m tuffs, (2) examine md aefine che
limlrs of che applicahlllty of laboratory-measured sGrptlon vaiues co the
field slruaclon at Yucca Hotintaln. (3) evaluate cne appiicatilllty of bslng
para.mcer VaiueS obtained in m? kDOraCOry under saturated Cmdlcloris in
-icuiatimis of transport ctirGugh cne unsaturated zone. (~) exaine
raaionucilde sorption wider msarurated cGndlcions, (5) experimentally inve9-
tlgare the sorption of radioniiclldes by using the geocnemlcai ccmposicion of
fluid frcm :he unsaturated zone, and (~1. lf necessary, examine alternative
sGrptlcm models. These accivlties should be investigated by using an in-
tegrated laboratory, field, and modeling apprGacn.

~artlcujateg

Leached waste elements coula migrate as alssoived species with che
grouriizwacer. However, lC is also concelvaDie that parclculates moving wiui

the ground~ater eGuld strongly sGrD varlGus Haste species and transport these
elements through fractiires and epen macrlx po:es. Partlculates may be 9mall
m-rierai fragments of the tuffs or natural colloids (e.g., iron hydroxides or
~ ays}. Buddemeier and Hunt [32] concluded that transition elements and ian-
chanide nucll,~es ob9erved in the field 3010 ❑ from a nuclear detonation cavlcy
at the Nevada Test site are moving DY parriciilate transport. l(errlsK [33]
reporred Lne approximate concentraclon of >0.~-um particulaces in J-is tiater
was 2.7 x 10-$ giL. It is ciear that the cumulative raaionticlide release co
the accessible envlrorient may be Increased lf radlcmuclides strongly sorb
onro :artle-blaces that are transpGrEea ttlrougrl preferential flGw patns. To
characterize, auantlfy, an.a model partlciiiate Cranspwc, data pertaining to
the feiiowl!ig ~articulate cnaracrerlsclcs should rie obralned: ~(1) c~n~Qntra-
tl~n, (2! SIZQ discrlbu~i’o!~. rgl e’mp~osltlc.n, (~1 adsorpclon charaeterlst:cs,
(5I aggiomeraclon -capture Behavior, awl [6! S.:.ldr~e rerm ag r~lat~s to
parLlcUla@s.



Several facccrs need to De melded in fiirure gecctiemlcal?geopnysi~ai
models Gf Yticca Plountaln. The srratlgraphlc model for the transport caicula-
tion3 sh?uld Ificliiac ciie 5- KO lo-degree eastward cilt of the cuff3 and
expllcit fauits [6]. in a recerir report [16] lt has shoun that iaceral flow
cause’i WYtne tlppeci beds occtirrera ;mder bGCh .macrlx and fraec-ure fi,ou
condltior!s. ExDllclt faiiirs, mm zs Griost h~ie fault. mere not Incltiaed ac
this time because of tne iacK of aara ahouu fauit parameters. The values
rieeded lnci~de fauic tildth, p~rosit~, saturation, afic hydroiagic eoridtietlvity
or permeaDillty. Even if fracctire X1OW1s determiried to be Imsigriiflcanc,
the Elppcd Beds and faults 3K111 need to be mc)deled because they my provide
a very shore transport parhway co Che water table. If a porticn Gf me flow
IS diverted arGund che Tuff Gf Calico Hills and lnro a much mre permeabie
fauit zone, rhe groundbiater travel rime to Lhe accessible environ.menc could
be decreased and raaiofidcilcle reieases Ceuid be increased. This scer~ario
should warrant careful con31deraCion in fdture inv?stigat~ons. The presence
Gf Che Zeoiltlc layer and Erie lnceraction of Cnis layer with the flr9Z ctio
subunits Gf the CailCO Hlii3 chermai -mechanical unit also should De more
fully represented.

CONCLUSIONSANI! RECOMMENDATIONS



(1) Lkiess aaca cari be Infzrreci tiith an adequate degree of confidence, more
ge~chemicai scrpclon and ma~erial properties data sh=tild be gathered, In
some cases, data exist tilch~n ,~.rle layer ‘B-ut ric]neexist wit-hln the next layer.
(2) i~ere 1s a srrmg need for some ryce of aaca anaiy 1s, such as Kriging.
on ~qe Dar>mer=rs lfiv~lved WIL-nenaraccerlzlng trle ge.~ilogic medllm. For ex-
ample, che sarl,raclon. pGrGslcy, ana bUiK deGSlcY dzta cGuld perhaps be
excrapalated co locacloris away from the drill hoies, and estlrf!!tes of’ error
coiiid be assig?led to the par=mrsr vaities.
(3) Experimental error esclmces shGula be provided by those otiralnlrig the
data.
(4) More specific geoct!emical effects should be lnvesclgaced, sucti as the
effects of gro-unatiater chzmls~ry and te!!i.Derarlire on sorprlon and alternative
sorpcicn models shQuld be examined.
(5) Tbe vaildicy of using ~~e dl~trlb,~clom ~oeffl~ienc t.~ model s~rpri~n at
Yucca Hoiincain should be evaiuaced.
(6) Laboratory amd field exwrlmenrs to invesrig=ce sorption unaer uri-
sactirated COn31CiOnS may haVe tG De performed.
(7) Sorprlon of r%dionucildes onto particuia~es may be an i!nporcanr pr,ocess
and the presence of parcictiiates should be investigated.
(~) Tippea material layers and expllclt fa~its need LO be included in the

stratigrapfiie rnixlei Lised in crans~rc calculations.

(9) A better understanding of che natural grcunauater ‘im in each of the
stratigraphie tinits is needed.
(10) Mechanical dispers:cn and che dispersivity of the weided and nowelded
tuffs neea to De qtianclfied and better examined.
(11! Laboratory investigations shoiiiij De integrated with the field and model-
ing lrivestlgacions.

Based cm these oEse~vatlms and recommeqda~ions, iterative modeling,
professional Jiiagement, arid programmatic requirements will have to De applied
to assess fticure research plans which will De german? to calculating the
limlted rei~ase of radionticliaes over 10,003 Y.
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Table I

AVAILABLE, (A), AND

KdVALUES FOR YUCCA

Te u

15]

ESTIMATED, (E),
KWNTAIN rJFFS

Pil Am

(M’sg) (Cms: ,. ) (cm~/= ) (cm’:gj

Unit (A) (E: (A) (E) (A)
(E)

(A) (E)

Tcu
PTn
TSW1
TSU2
TSW3
Cmlv
Chlz
CHn2
CHn3
PPU
CFUI1
BFw
CFPln1
CFMn2
cFnn3
TRw

0.3146 2.84

c .006 j.g~ U500
Q.159 0.75 195
0.72 2.8a 220
0.00 o.~o 363
0.04 0.00 290
0 0098 5.33 59.8

0. U098 12.0
0.0098 6.75
0.3u6 2.U 51.0

0.181 11.a3 298
0.3u6 u.98
0. o~g~ 6.i5
(). 0C98 6.75
0. 0~98 U.35
0.3u6 [3.5

165

59.8
59.8

165

55.8
59.8
59.8
165

386o
81350ioo

3690
386o

1110
1760
3330

3330
3330

llpoo
2900

386o
3330
3330
3330
386o



TABLE II

MATEFJIALPROPERTIES OF STRATI-I:RAPHICUNITS

Saturation [21] Porosity [121 Bulk Jensity [12]
Unit a E p(g’cm’)

TGI
PTn
TSU 1
TSd2
TSK3
CHn 1v
Ciin 1z
CHn2
CHn3
PPW
CFUn
BFu
CFMn1
CFMN2
CFtQI13
TRw

o.g614

0.82JJ1
0.8153
Q-8857

?.7588
0.8598
Q. ggj)b
0.91U4
Q.gucll
G.6u7h
~. 51203
0.8706
0.92$)1
0.9803
0.9472
5.Q974

NA
NA

13. l16gl

cj. l16gl

D.ll(jgl

~ .35405

0.30636
0.39636
G. 3063~
~.~~271J
9.32393
0.23909
0.25572
0.25572
o.~557~
o 20383

2.25
1.02
2.17
2.26
2.30
1.53
1.59
1.78
1.Q8
1.85
1.6u
1.38
1.8u
1.8
1.75
2.o8



Swl

TCw

PTn

TSW1

Pdeda! Repcishy Slab
TSW2 //,,,,././,,/,///

TSW3

Chnlv

CHnlz

CHn2

CHn3

PPW

CFUn

BFW

CFMnl

I CFMn2

CFMn3

TRw

- 631.6s

- U7.12

. 4QQ.&3

- 390.01
- 302.e9

- 257.OQ
- 18?21

16s.48

.

133.71

- 82.17

- 62.63

- 47.2Q

: :E

- -77.11

- -2020Q

- -2M.U

- .215W

- -247.04

- -31OI34
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